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1RWH#WR#WKH#5HDGHU

7KH#1DWLRQDO#7R[LFRORJ\#3URJUDP#+173,#LV#PDGH#XS#RI#IRXU#FKDUWHU#DJHQFLHV#RI#WKH#8QLWHG#6WDWHV
'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV#+'++6,=

� WKH#1DWLRQDO#&DQFHU#,QVWLWXWH#+1&,,#RI#WKH#1DWLRQDO#,QVWLWXWHV#RI#+HDOWK>#
� WKH#1DWLRQDO#,QVWLWXWH#RI#(QYLURQPHQWDO#+HDOWK#6FLHQFHV#+1,(+6,#RI#WKH#1DWLRQDO#,QVWLWXWHV#RI

+HDOWK>#
� WKH#1DWLRQDO#&HQWHU#IRU#7R[LFRORJLFDO#5HVHDUFK#+1&75,#RI#WKH#)RRG#DQG#'UXJ#$GPLQLVWUDWLRQ>#DQG#
� WKH#1DWLRQDO#,QVWLWXWH#IRU#2FFXSDWLRQDO#6DIHW\#DQG#+HDOWK#+1,26+,#RI#WKH#&HQWHUV#IRU#'LVHDVH

&RQWURO1
,Q#-XO\#4<;4/#WKH#&DUFLQRJHQHVLV#%LRDVVD\#7HVWLQJ#3URJUDP#ZDV#WUDQVIHUUHG#IURP#1&,#WR#1,(+61##173
FRRUGLQDWHV#WKH#UHOHYDQW#3XEOLF#+HDOWK#6HUYLFH#SURJUDPV/#VWDII/#DQG#UHVRXUFHV#WKDW#DUH#FRQFHUQHG#ZLWK#EDVLF
DQG#DSSOLHG#UHVHDUFK#DQG#ZLWK#ELRORJLFDO#DVVD\#GHYHORSPHQW#DQG#YDOLGDWLRQ1

7KH#173#GHYHORSV/#HYDOXDWHV/#DQG#GLVVHPLQDWHV#VFLHQWLILF#LQIRUPDWLRQ#DERXW#SRWHQWLDOO\#WR[LF#DQG#KD]DUGRXV
FKHPLFDOV1##7KLV#NQRZOHGJH#LV#XVHG#IRU#SURWHFWLQJ#WKH#KHDOWK#RI#WKH#$PHULFDQ#SHRSOH#DQG#IRU#WKH#SULPDU\
SUHYHQWLRQ#RI#GLVHDVH1

7KH#173#GHVLJQV#DQG#FRQGXFWV#VWXGLHV#WR#FKDUDFWHUL]H#DQG#HYDOXDWH#WKH#WR[LFRORJLF#SRWHQWLDO#RI#VHOHFWHG
FKHPLFDOV#LQ#ODERUDWRU\#DQLPDOV#+XVXDOO\#WZR#VSHFLHV/#UDWV#DQG#PLFH,1##&KHPLFDOV#VHOHFWHG#IRU#173
WR[LFRORJ\#VWXGLHV#DUH#FKRVHQ#SULPDULO\#RQ#WKH#EDVHV#RI#KXPDQ#H[SRVXUH/#OHYHO#RI#SURGXFWLRQ/#DQG#FKHPLFDO
VWUXFWXUH1##7KH#LQWHUSUHWLYH#FRQFOXVLRQV#SUHVHQWHG#LQ#WKLV#7R[LFLW\#6WXG\#5HSRUW#DUH#EDVHG#RQO\#RQ#WKH#UHVXOWV
RI#WKHVH#173#VWXGLHV1##([WUDSRODWLRQ#RI#WKHVH#UHVXOWV#WR#RWKHU#VSHFLHV#DQG#TXDQWLWDWLYH#ULVN#DQDO\VHV#IRU
KXPDQV#UHTXLUH#ZLGHU#DQDO\VHV#EH\RQG#WKH#SXUYLHZ#RI#WKHVH#VWXGLHV1##6HOHFWLRQ#SHU#VH#LV#QRW#DQ#LQGLFDWRU#RI#D
FKHPLFDO*V#WR[LF#SRWHQWLDO1

7KH#VWXGLHV#GHVFULEHG#LQ#WKLV#7R[LFLW\#6WXG\#5HSRUW#ZHUH#SHUIRUPHG#XQGHU#WKH#GLUHFWLRQ#RI#1,(+6#DQG#ZHUH
FRQGXFWHG#LQ#FRPSOLDQFH#ZLWK#173#ODERUDWRU\#KHDOWK#DQG#VDIHW\#UHTXLUHPHQWV1##7KHVH#VWXGLHV#PHW#RU
H[FHHGHG#DOO#DSSOLFDEOH#IHGHUDO/#VWDWH/#DQG#ORFDO#KHDOWK#DQG#VDIHW\#UHJXODWLRQV1##$QLPDO#FDUH#DQG#XVH#ZHUH#LQ
DFFRUG#DQG#FRPSOLDQFH#ZLWK#WKH#3XEOLF#+HDOWK#6HUYLFH#3ROLF\#RQ#+XPDQH#&DUH#DQG#8VH#RI#$QLPDOV1

/LVWLQJV#RI#DOO#SXEOLVKHG#173#UHSRUWV#DQG#RQJRLQJ#VWXGLHV#DUH#DYDLODEOH#IURP#173#&HQWUDO#'DWD
0DQDJHPHQW/#1,(+6/#3121#%R[#45566/#0'(4035/#5HVHDUFK#7ULDQJOH#3DUN/#1&##5::3<#+<4<08740674<,1#
2WKHU#LQIRUPDWLRQ#DERXW#173#VWXGLHV#LV#DYDLODEOH#DW#WKH#173*V#:RUOG#:LGH#:HE#VLWH=#
KWWS=22QWS0VHUYHU1QLHKV1QLK1JRY1
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$GPLQLVWHUHG#E\#*DYDJH
WR#)67721#5DWV#DQG#%9&6) #0LFH4

5DMHQGUD#61#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
1DWLRQDO#7R[LFRORJ\#3URJUDP

3RVW#2IILFH#%R[#45566
5HVHDUFK#7ULDQJOH#3DUN/#1&#5::3<

8QLWHG#6WDWHV#'HSDUWPHQW#RI#+HDOWK#DQG#+XPDQ#6HUYLFHV
3XEOLF#+HDOWK#6HUYLFH

1DWLRQDO#,QVWLWXWHV#RI#+HDOWK



5 R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76

&2175,%87256

1DWLRQDO#7R[LFRORJ\#3URJUDP 173#3DWKRORJ\#:RUNLQJ#*URXS
(YDOXDWHG#DQG#LQWHUSUHWHG#UHVXOWV#DQG#UHSRUWHG#ILQGLQJV P0&KORURDQLOLQH=##(YDOXDWHG#VOLGHV#DQG#SUHSDUHG#SDWKRORJ\#UHSRUW

5161#&KKDEUD/#3K1'1/#6WXG\#6FLHQWLVW
-151#%XFKHU/#3K1'1
/171#%XUND/#3K1'1
51(1#&KDSLQ/#3K1'1
0151#(OZHOO/#'19101/#3K1'1
-1#0DKOHU/#'19101
*161#7UDYORV/#'19101
.1/1#:LWW/#0161/#,QWHJUDWHG#/DERUDWRU\#6\VWHPV

%DWWHOOH#&ROXPEXV#/DERUDWRULHV
&RQGXFWHG#VWXGLHV#DQG#HYDOXDWHG#SDWKRORJ\#ILQGLQJV

31-1#.XUW]/#3K1'1/#3ULQFLSDO#,QYHVWLJDWRU
0151#+HMWPDQFLN/#3K1'1
51/1#3HUVLQJ/#'19101
01-1#5\DQ/#'19101/#3K1'1
%1$1#7UHOD/#3K1'1
-171#<DUULQJWRQ/#'19101/#3K1'1

173#3DWKRORJ\#:RUNLQJ#*URXS
R0&KORURDQLOLQH=##(YDOXDWHG#VOLGHV#DQG#SUHSDUHG#SDWKRORJ\#UHSRUW
+5:#$SULO#4<<6,

31.1#+LOGHEUDQGW/#'19101/#&KDLUSHUVRQ
3$7+&2/#,QF1

0151#(OZHOO/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

:1)1#0DF.HQ]LH/#'19101/#0161
&RQVXOWDQW

51$1#+HUEHUW/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

51&1#6LOOV/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

61$1#6WHIDQVNL/#'19101/#0161
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

+7#2FWREHU#4<<7,

31.1#+LOGHEUDQGW/#'19101/#&KDLUSHUVRQ
3$7+&2/#,QF1

51#&DWWOH\/#9101'1/#3K1'1
&KHPLFDO#,QGXVWU\#,QVWLWXWH#RI#7R[LFRORJ\

)1#*HRO\/#'19101/#2EVHUYHU
1RUWK#&DUROLQD#6WDWH#8QLYHUVLW\

'161#0DUVPDQ/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

$1#5DGRYVN\/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1
([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1

51&1#6LOOV/#'19101/#3K1'1
1DWLRQDO#7R[LFRORJ\#3URJUDP

([SHULPHQWDO#3DWKRORJ\#/DERUDWRULHV/#,QF1
3URYLGHG#SDWKRORJ\#TXDOLW\#DVVXUDQFH

-1#3HFNKDP/#'19101/#0161/#3K1'1
&1&1#6KDFNHOIRUG/#'19101/#0161/#3K1'1

(QYLURQPHQWDO#+HDOWK#5HVHDUFK#
DQG#7HVWLQJ/#,QF1
3URYLGHG#VSHUP#PRWLOLW\#DQG#YDJLQDO#F\WRORJ\#HYDOXDWLRQV

71#&RFDQRXJKHU/#%1$1
'1.1#*XODWL/#3K1'1
61#5XVVHOO/#%1$1

$QDO\WLFDO#6FLHQFHV/#,QF1
3URYLGHG#VWDWLVWLFDO#DQDO\VHV

51:1#0RUULV/#0161/#3ULQFLSDO#,QYHVWLJDWRU
61#51#/OR\G/#0161
11*1#0LQW]/#%161

%LRWHFKQLFDO#6HUYLFHV/#,QF1
3UHSDUHG#7R[LFLW\#6WXG\#5HSRUW

6151#*XQQHOV/#01$1/#3ULQFLSDO#,QYHVWLJDWRU
$101#0DFUL0+DQVRQ/#01$1/#01)1$1
:1'1#6KDUS/#%1$1/#%161



R0/#P0/#)#S0&KORURDQLOLQH/#173#72;#76 6

3((5#5(9,(:
7KH#GUDIW#UHSRUW#RQ#WKH#WR[LFLW\#VWXGLHV#RI#R0FKORURDQLOLQH/#P0FKORURDQLOLQH/#DQG#S0FKORURDQLOLQH#ZDV#HYDOXDWHG#E\
WKH#UHYLHZHUV#OLVWHG#EHORZ1##7KHVH#UHYLHZHUV#VHUYH#DV#LQGHSHQGHQW#VFLHQWLVWV/#QRW#DV#UHSUHVHQWDWLYHV#RI#DQ\
LQVWLWXWLRQ/#FRPSDQ\/#RU#JRYHUQPHQWDO#DJHQF\1##,Q#WKLV#FDSDFLW\/#UHYLHZHUV#GHWHUPLQH#LI#WKH#GHVLJQ#DQG#FRQGLWLRQV
RI#WKHVH#173#VWXGLHV#DUH#DSSURSULDWH#DQG#HQVXUH#WKDW#WKH#WR[LFLW\#VWXG\#UHSRUW#SUHVHQWV#WKH#H[SHULPHQWDO#UHVXOWV
DQG#FRQFOXVLRQV#IXOO\#DQG#FOHDUO\1

*DU\#31#&DUOVRQ/#3K1'1 -RKQ#0HQQHDU/#3K1'1
6FKRRO#RI#+HDOWK#6FLHQFHV 5DOHLJK/#1&
3XUGXH#8QLYHUVLW\
:HVW#/DID\HWWH/#,1
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&217(176

$%675$&7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

,1752'8&7,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
3K\VLFDO#3URSHUWLHV/#3URGXFWLRQ/#8VH/#DQG#([SRVXUH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
'LVSRVLWLRQ#DQG#0HWDEROLVP 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
7R[LFLW\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
6WXG\#5DWLRQDOH#DQG#'HVLJQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

0$7(5,$/6#$1'#0(7+2'6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
3URFXUHPHQW#DQG#&KDUDFWHUL]DWLRQ#RI#R0&KORURDQLOLQH#DQG#P0&KORURDQLOLQH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
'RVH#)RUPXODWLRQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46
7R[LFLW\#6WXG\#'HVLJQV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
6WDWLVWLFDO#0HWKRGV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
4XDOLW\#$VVXUDQFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
*HQHWLF#7R[LFLW\#6WXGLHV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

5(68/76 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
460:HHN#*DYDJH#6WXGLHV#LQ#)67721#5DWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
460:HHN#*DYDJH#6WXGLHV#LQ#%9&6) #0LFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 794

*HQHWLF#7R[LFLW\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 95

',6&866,21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

5()(5(1&(6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

$33(1',;(6
$SSHQGL[#$ 6XPPDU\#RI#1RQQHRSODVWLF#/HVLRQV#LQ#5DWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 $04

$SSHQGL[#% 6XPPDU\#RI#1RQQHRSODVWLF#/HVLRQV#LQ#0LFH 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 %04

$SSHQGL[#& 2UJDQ#:HLJKWV#DQG#2UJDQ0:HLJKW0WR0%RG\0:HLJKW#5DWLRV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 &04

$SSHQGL[#' +HPDWRORJ\#DQG#&OLQLFDO#&KHPLVWU\#5HVXOWV 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '04

$SSHQGL[#( 5HSURGXFWLYH#7LVVXH#(YDOXDWLRQV#
DQG#(VWURXV#&\FOH#&KDUDFWHUL]DWLRQ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 (04

$SSHQGL[#) *HQHWLF#7R[LFRORJ\ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )04

members/tox43/tx43full.pdf


8

$%675$&7

R0&KORURDQLOLQH P0&KORURDQLOLQH S0&KORURDQLOLQH

&$6#1XPEHU <808405 43;0750< 43907:0;
6\QRQ\PV R0DPLQRFKORUREHQ]HQH P0DPLQRFKORUREHQ]HQH S0DPLQRFKORUREHQ]HQH

50FKORUREHQ]HQDPLQH 60FKORUREHQ]HQDPLQH 70FKORUREHQ]HQDPLQH
50FKORURDQLOLQH 60FKORURDQLOLQH 70FKORURDQLOLQH
50FKORURSKHQ\ODPLQH 60FKORURSKHQ\ODPLQH 70FKORURSKHQ\ODPLQH

0ROHFXODU#)RUPXOD & + &O19 9

0ROHFXODU#:HLJKW 45:18:

&KORULQDWHG#DQLOLQHV#DUH#XVHG#DV#LQWHUPHGLDWHV#LQ#WKH#PDQXIDFWXUH#RI#G\HV/#GUXJV/#DQG#DJULFXOWXUDO#DJHQWV1##,Q

FRPSDUDWLYH# 460ZHHN# VWXGLHV# FRQGXFWHG# WR# GHWHUPLQH# WKH# VWUXFWXUH0WR[LFLW\# UHODWLRQVKLSV# RI# R0/# P0/# DQG

S0FKORURDQLOLQH/#JURXSV#RI#43#PDOH#DQG#43#IHPDOH#)67721#UDWV#DQG#%9&6) #PLFH#ZHUH#DGPLQLVWHUHG#3/#43/#53/4

73/#;3/#RU#493#PJ#R0#RU#P0FKORURDQLOLQH#SHU#NLORJUDP#ERG\#ZHLJKW# LQ#GLOXWH#K\GURFKORULF#DFLG#E\#JDYDJH1

$QLPDOV#ZHUH#HYDOXDWHG#IRU#KHPDWRORJ\/#FOLQLFDO#FKHPLVWU\/#KLVWRSDWKRORJ\/#DQG#UHSURGXFWLYH#V\VWHP#HIIHFWV1

*HQHWLF#WR[LFLW\#VWXGLHV#RI#R0#DQG#P0FKORURDQLOLQH#LQ#YLYR#DQG#LQ#YLWUR#ZHUH#DOVR#FRQGXFWHG1##7KH#UHVXOWV#RI#WKH

R0#DQG#P0FKORURDQLOLQH#VWXGLHV#ZHUH#FRPSDUHG#WR#UHVXOWV#IURP#WKH#S0FKORURDQLOLQH#VWXGLHV#SHUIRUPHG#SUHYLRXVO\

XQGHU#VLPLODU#H[SHULPHQWDO#FRQGLWLRQV#E\#WKH#VDPH#ODERUDWRU\>#GRVHV#LQ#WKH#S0FKORURDQLOLQH#VWXGLHV#ZHUH#3/#8/

43/#53/#73/#DQG#;3#PJ2NJ#IRU#UDWV#DQG#3/#:18/#48/#63/#93/#DQG#453#PJ2NJ#IRU#PLFH1

7KH#KHPDWRSRLHWLF#V\VWHP#ZDV#WKH#WDUJHW#RI#R0/#P0/#DQG#S0FKORURDQLOLQH#LQ#UDWV#DQG#PLFH1##1HLWKHU#WKH#R0#QRU#WKH

S0#LVRPHU#KDG#DQ#DGYHUVH#HIIHFW#RQ#VXUYLYDO>#WKH#GHDWK#RI#RQH#IHPDOH#UDW#LQ#WKH#493#PJ2NJ#P0FKORURDQLOLQH#JURXS

GXULQJ#ZHHN#45#ZDV#SRVVLEO\#VHFRQGDU\#WR#PHWKHPRJORELQHPLD1##7KH#ILQDO#PHDQ#ERG\#ZHLJKWV#DQG#ZHLJKW#JDLQV

RI#PDOH# UDWV# LQ# WKH# KLJKHVW# GRVH# JURXS# LQ# HDFK# VWXG\# DQG# IHPDOH#PLFH# LQ# WKH# 493#PJ2NJ# JURXS# LQ# WKH

R0FKORURDQLOLQH#VWXG\#ZHUH#VLJQLILFDQWO\#OHVV#WKDQ#WKRVH#RI#WKH#UHVSHFWLYH#FRQWUROV1##&OLQLFDO#ILQGLQJV#RI#WR[LFLW\

LQFOXGHG# D# WUDQVLHQW# EOXLVK# GLVFRORUDWLRQ# RI# WKH# JHQLWDO# DQG# IRRWSDG# UHJLRQV# LQ# UDWV# DGPLQLVWHUHG# R0# RU

P0FKORURDQLOLQH# DQG# WUHPRUV# LQ# UDWV# DQG# PLFH# DGPLQLVWHUHG# R0FKORURDQLOLQH# DQG# LQ# PLFH# DGPLQLVWHUHG
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P0FKORURDQLOLQH># WKHVH# HIIHFWV# RFFXUUHG# SULPDULO\# LQ# WKH# ;3# DQG# 493# PJ2NJ# JURXSV1# # 0HWKHPRJORELQ

FRQFHQWUDWLRQV#ZHUH#LQFUHDVHG#LQ#GRVHG#UDWV#DQG#PLFH#LQ#DOO#VWXGLHV#DQG#UHVXOWHG#LQ#D#VHFRQGDU\#DQHPLD>#WKH

VHYHULW\#RI# WKH#DQHPLD# LQFUHDVHG#ZLWK# LQFUHDVLQJ#GRVH1##0LFURVFRSLF# OHVLRQV#FRQVLGHUHG#UHODWHG# WR#FKHPLFDO

DGPLQLVWUDWLRQ# LQ#UDWV#DQG#PLFH# LQFOXGHG#KHPRVLGHULQ#SLJPHQWDWLRQ# LQ# WKH#ERQH#PDUURZ/#NLGQH\/# OLYHU/#DQG

VSOHHQ>#KHPDWRSRLHVLV#LQ#WKH#OLYHU#DQG#VSOHHQ>#DQG#HU\WKURLG#FHOO#K\SHUSODVLD#LQ#WKH#ERQH#PDUURZ1##7KHVH#OHVLRQV

UHIOHFWHG# WKH# UHVSRQVH# WR# KHPRO\WLF# DQHPLD# DQG# PHWKHPRJORELQHPLD# LQGXFHG# E\# WKH# FKORURDQLOLQHV1# # $

FRPSDUDWLYH#DQDO\VLV#RI#WKH#UHVXOWV#VXJJHVWV#WKDW#S0FKORURDQLOLQH#LV#WKH#PRVW#SRWHQW#RI#WKH#FKORURDQLOLQH#LVRPHUV

LQ# WKH# LQGXFWLRQ# RI#PHWKHPRJORELQ# IRUPDWLRQ# LQ# UDWV# DQG#PLFH/# IROORZHG# E\#P0FKORURDQLOLQH# DQG# WKHQ# E\

R0FKORURDQLOLQH1##7KLV#RUGHU#RI#SRWHQF\#ZDV#DOVR#REVHUYHG#IRU#FKDQJHV#LQ#RWKHU#KHPDWRORJ\#SDUDPHWHUV#DQG#LQ

VSOHHQ#ZHLJKWV/#JURVV#DQG#PLFURVFRSLF#OHVLRQV/#DQG#WKH#VHYHULW\#RI#KHPRVLGHULQ#GHSRVLWLRQ1

$OWKRXJK#WKH#R0/#P0/#DQG#S0#LVRPHUV#RI#FKORURDQLOLQH#DOO#H[KLELW#JHQHWLF#WR[LFLW\/#WKH#SURILOHV#RI#DFWLYLW\#DPRQJ

WKH#WKUHH#LVRPHUV#DUH#QRW#LGHQWLFDO1##S0&KORURDQLOLQH#ZDV#PXWDJHQLF#LQ#DOO#DVVD\V#LQ#ZKLFK#LW#ZDV#WHVWHG/#LQFOXGLQJ

WKH#6DOPRQHOOD#DVVD\/#WKH#PRXVH#O\PSKRPD#DVVD\/#LQ#YLWUR#&KLQHVH#KDPVWHU#RYDU\#FHOO#F\WRJHQHWLFV#DVVD\V/#DQG

WKH#LQ#YLYR#PRXVH#ERQH#PDUURZ#PLFURQXFOHXV#DVVD\>#LQ#FRQWUDVW/#R0#DQG#P0FKORURDQLOLQH#JDYH#PL[HG#UHVXOWV

DPRQJ#WKH#YDULRXV#DVVD\V#LQ#ZKLFK#HDFK#ZDV#WHVWHG1

,Q#FRQFOXVLRQ/#FKORURDQLOLQH#LVRPHUV#DUH#KHPDWRWR[LF#DQG#KDYH#WKH#VDPH#SDWWHUQ#RI#WR[LFLW\#LQ#UDWV#DQG#PLFH1

+HPDWRWR[LFLW\#RFFXUUHG#DW#DOO#GRVHV#LQ#WKHVH#VWXGLHV1##S0&KORURDQLOLQH#LQGXFHV#WKH#PRVW#VHYHUH#KHPDWRWR[LF

HIIHFW/#IROORZHG#E\#P0FKORURDQLOLQH/#WKHQ#R0FKORURDQLOLQH1##(DFK#RI#WKH#WKUHH#LVRPHUV#LV#PRUH#WR[LF#WR#UDWV#WKDQ

WR#PLFH1##S0&KORURDQLOLQH#LV#FOHDUO\#JHQRWR[LF#LQ#YDULRXV#WHVW#V\VWHPV/#ZKLOH#WKH#UHVXOWV#IRU#WKH#R0#DQG#P0#LVRPHUV

DUH#LQFRQVLVWHQW#DQG#LQGLFDWH#ZHDN#RU#QR#JHQRWR[LF#HIIHFWV1
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